Abstract. Collisionless magnetic reconnection is studied using a 2 1/2-dimensional hybrid code including Hall dynamics and electron inertia. The simulations reveal that the dissipation region develops a two-scale structure: an inner electron region and an outer ion region. Close to the X line is a region with a scale of the electron collisionless skin depth, where the electron flows completely dominate those of the ions and the frozen-in magnetic flux constraint is broken. Outside of this region and encompassing the rest of the dissipation region, which scales like C/Wpi, the ion inertial length, is the Hall region where the electrons are frozen-in to the magnetic field but the ions are not, allowing the two species to flow at different velocities. The decoupling of electron and ion motion in the dissipation region has important implications for the rate of magnetic reconnection in collisionless plasma: the ions are not constrained to flow through the very narrow region where the frozen-in constraint is broken so that ion flux into the dissipation region is large. For the simulations which have been completed to date, the resulting rate of reconnection is a substantial fraction of the Alfv6n velocity and is controlled by the ions, not the electrons. The dynamics of the ions is found to be inherently nonfluidlike, with multiple ion beams present both at the X line and at the downstream boundary between the inflow and outflow plasma. The reconnection rate is only slightly affected by the temperature of the inflowing ions and in particular the structure of the dissipation region is controlled by the ion inertial length C/Wpi and not the ion Larmor radius based on the incoming ion temperature.
Since the ions play the critical role in determining the rate of reconnection, it is important that the ion model include the essential physics required to accurately describe the size scaling of the dissipation region. The description of the electrons may not be as important since their dynamics impacts the rates of reconnection less strongly. In the previous two-fluid treatment [Biskemp et el., 1997], potentially important effects such as the ion current, ion pressure, and compressibility were neglected. In the present paper we extend the previous work by considering a hybrid model in which the ions are modeled as particles and the electrons as a finite mass fluid. We explore the role of the ions in controlling the structure of the dissipation region and rate of magnetic reconnection. We show that the ion dynamics both around the X line and in the outflow region are intrinsically nonfluid-like since the resulting distribution functions consist of multiple beams. The transition region separating the inflow and outflow regions downstream of the neutral line, which is interpreted as a slow shock in the MHD description [Petchek, 1964] , cannot be interpreted as a simple shock in the hybrid model: high-velocity ions ejected from the vicinity of the X line mix with the plasma flowing directly across the "shock" and prevent the Rankine-Hugoniot conditions from being satisfied. Finally, we explore the scaling of the reconnection rate with the equilibrium scale length L. Over the range of scales which we are able to complete simulations, the rate of reconnection is nearly independent of the macroscale, the inflow velocity being of order 0.1vA. However, separation of scales between c/ovpi and L is not yet sufficient to conclude that this rate will remain invariant at larger values of L. Since the treatment of electrons is unchanged from the previous calculations, we do not focus on the role of electrons except to note that, as in the earlier calculations, the rate of reconnection is insensitive to the scale length c/cope and therefore to the electron mass even though c/cope is required for reconnection to occur.
Hybrid Simulation Model
The equations used to complete the simulations are parameters. tional slab geometry. This flux bundle system has the advantage over conventional slab geometries that the reconnection process does not saturate but continues robustly until the two bundles have completely merged, the reconnection rate being determined entirely by the dynamics of the dissipation region. A more subtle advantage over the slab system is that the displacement of the bundle toward the X line does not distort the magnetic fields in the bundle and therefore does not increase the magnetic energy. That is, it is marginally stable to ideal perturbations and is therefore essentially equivalent to the long-wavelength limit of the tearing mode in a slab system, which also has this property and which is most relevant to magnetic reconnection in 
